In this study, BaO nanoflower-like was prepared by using a template, and identified using a variety of techniques. The sample was characterized by XRD measurements, scanning electron microscopy (SEM), diffuse reflectance spectroscopy (DRS) and energy dispersive X-ray spectroscopy (EDX). The catalytic activity of BaO system in the acetylation of alcohols was studied. The formation of products proceeds on the catalysts with predominantly strong basic sites. This catalyst is inexpensive and easy to handle, and the acetylation of hydroxyl groups using this catalyst only required a low loading of the catalyst. The catalytic degradation of doxycycline (DOXY) has been investigated in aqueous phase using MgO and BaO nanostructures.
Introduction
The catalyst is a species that increases the reaction speed [1] [2] [3] [4] [5] [6] . High efficiency, economic efficiency, low chemical waste, low heat and energy consumption, high safety and optimal use of primary chemicals are the benefits of nanocatalysts [7] [8] [9] [10] [11] [12] . The catalytic properties of different bases were studied to evaluate the factors of activity and selectivity. For alkaline earth oxide nanocatalysts, the order of activity for the aldol condensation is BaO > SrO > CaO > MgO, in accordance with the basisity of the catalysts [13] [14] [15] . Alkaline earth metal oxides, and various alkaline metal compounds supported on alumina or zeolite can catalyze transesterification reactions [13, 16, 17] .
Several methods, such as acetylation, tetrahydropyranylation, methoxymethylation and trimethylation, have been used to protect the hydroxy group. In this study, the method of selective acylation of alcohols and phenols was investigated using a basic catalyst. The advantage of this method is high yields of products, high reaction speeds and the use of non-toxic, inexpensive and available catalyst and selectivity of the method [18] .
Also, the return of antibiotics to the environment in many ways can lead to serious environmental problems and affect human health [19, 20] . One way to decompose toxic and dangerous substances produced in daily life is the heterogeneous photocatalytic oxidation process. There have been few studies on BaO catalytic properties in this regard [21] .
In this work, we demonstrated that hexamethylenetetramine is an appropriate template for synthesising of BaO nanoflowers. We determined the optimal concentration of barium oxide catalyst for the acetylation of benzyl alcohols. Also, the effects of the pH and the concentration of the BaO catalyst, on the rate of the degradation reactions of the doxycycline were investigated and compaired with MgO catalyst.
Experimental
Barium acetate (99.9% Sigma Co.) and ethanol (99.9% Sigma Co.) were used as received, without further purification. Other compounds used were purchased from MERCK company.
Phase identification of the fabricated sample was carried out by an Holland Philips X-ray diffraction CuKα (λ = 1.5417 Å) in the radiation range of 20°-80°. A Field emission scanning electron micrograph (SEM) of a Holland Philips XL30 microscope was used to observe the morphology and elemental analysis of the sample. Spectrophotometric measurements were conducted using an UV-VIS Shimadzu 2101 spectrophotometer equipped with a Acermate 486 SX/25D computer and thermostically matched 10-mm quartz cells. FTIR spectra were recorded on a Nicolet-Magna 550 equipment, with CsI optics, applying the "pellets" KBr technique.
1 H NMR and 13C NMR spectra were measured on Bruker DRX-250 AVANCE instrument in CDCl3 at 250 MHz, δ in ppm, J in Hz.
7.2 mmol NaOH and 7.2 mmol the template, hexamethylenetetramine(HMT), were dissolved in 36 ml distilled water under stirring. Ba(CH 3 COO) 2 .2H 2 O (1 mmol) was added to the mixture. The mixture was refluxed for 4 h at 80 °C. After cooling to the room temperature, the precipitate was collected by filteration and washed with distilled water and ethanol several times. The BaO was obtained by centrifugation and drying of precipitate at room temperature. Magnesium oxide (MgO) nanoparticles were prepared by using magnesium acetate and hexamine template as reported in our previous research [22] .
The DOXY concentration was obtained by measuring the absorption intensity at its maximum absorbance-wavelength. Degradation efficiency was deduced from Eq. (1) where C o is the initial concentration of DOXY, C is the DOXY concentration at certain reaction time.
We add to the mixture of 1 mmol of alcohol and acetic anhydride (1.2 mmol), the BaO nanocatalyst (0.08 g) in CH 2 Cl 2 (10 mL) at room temperature. The completion of the reaction is determined by TLC. High-purity and yield products are formed. At the end of the reaction, the remaining solution was analyzed by the FT-IR and NMR spectra. For example, the results of 
Results and discussion
The BaO diffraction patterns are shown in Fig. 1 . Based on Fig. 1 , the peaks can be assigned to a pure phase of BaO which are in good agreement with the standard JCPDS (120), (110), (101), (111), (200), (211), (112), (310), and (301) respectively. Thus, the comparison confirms the presence of BaO phases in the present specimens with tetragonal crystal structures. The crystallite size of the prepared sample was calculated using the Scherrer formula: D = 0.9λ/β cos θ. The surface morphology of the prepared pure BaO was studied using SEM (Fig. 2) . The SEM images show the morphology of flower such as needle-shaped pieces. Each of the needleshaped structures has an approximate length of 10 microns. The intensity of the (110) diffraction is much stronger than that of other peaks, indicating that the BaO nano needle possess a preferred orientation along the [110] direction. Several needle converge into a tip, all of which are uniformly distributed and formed flowers.
The EDS spectra confirm the absence of impurities in the BaO nanoparticle (Fig. 3.) .
The optical band gap energy (Eg) can be estimated from absorption coefficient (α) using the Tauc relation [23] :
where A is a constant that depends from the transition probability, hν is the energy of an incident photon, and q is an index that characterizes the optical absorption process. It is well known that direct and indirect band gap energy for the nanostructures can be obtained from the intersection of linear fits of (αhν) 1/q vs. hν plots for q = 0.5 [24] . The band gap can be determined by extrapolating of the linear portion of the (αhυ) 2 against hυ curve. Figure 4 shows the band gap energy plot of BaO based on the diffuse reflectance spectrum (DRS) of solid state UV-Vis. Band gap BaO was already calculated 4.4 [25] .
To investigate the effect of BaO concentration on photocatalytic efficiency and optimum pH, a set of experiments were done at different pHs at range of 5-11 (Fig. 5) . The results showed, the optimum pH was seven. According to the Eq. 1, the percentage of degradation pHs 5, 7 and 11 were 79, 84 and 68% respectively.
There is a significant difference between the removal of antibiotics in different pHs. Previous studies have shown that pH plays an important role in the decomposition and removal of antibiotics. The pH variable affects the adsorption and separation capacity of the target compounds, the distribution of electrical charge on the surface of the catalysts and the capacity of the bonding oxidation potential. Can easily be demonstrated by the following model. The PZC for the pure commercial BaO and MgO were found to be over 11 [26] . DOXY is an amphoteric molecule and in accordance to solution pH can form three acid dissociation constants (pKa) (3.02, 7.97 and 9.15). It can be cationic (H3 DOXY + ) in pH values below 3.02, neutral (H2 DOXY) in pH values between 3.02 and 7.97, and anionic (HDOXY − and DOXY −2 ) in pH values higher than 7.97. The corresponding protonation-deprotonation reactions depend on the pH of the aqueous solution. As shown in Fig. 6 , the degradation efficiency increased by raising the solution pH from 5 to 7. In the strong acidic, the repulsive forces between positively charged catalyst surface and protonated DOXY molecules prevent to reach DOXY molecules near the catalyst. At more alkaline pHs, the repulsive forces between the negatively surface charged of the catalyst and the DOXY anionic form prevent the antibiotic from reaching the catalytic surface which leads to the degradation efficiency decrease the repulsive forces between the negatively surface charged of the catalyst and the DOXY anionic form prevent the antibiotic from reaching the catalytic surface which leads to the degradation efficiency decrease.
Experiments were carried out taking different amounts of BaO and keeping antibiotic concentration constant (Fig. 6) . A set of experiments were done at BaO concentration at range of 0.005-0.05 g L −1 , respectively The results showed, the optimum concentration of BaO catalyst was 0.02 g L −1 .
The effect of the amount of BaO on the degradation of DOXY was studied by varying the amount of BaO catalyst (0.005, 0.02, 0.03, and 0.05 g L −1 ) and the corresponding results are presented in insets of Fig. 7 . As shown in the figure, the removal efficiency of doxycycline increased with increasing barium oxide to 0.02 g L −1 , and after that, the removal efficiency remained almost constant. The reason is that when antibiotic molecules are placed on nanoparticles, adding more oxidizing agents does not affect antibiotic surface. Also, with increasing catalyst concentration, solid particles increase. Consequently, the production of hydroxyl radicals and degradation efficiency are reduced. Figure 8 shows the degradation of DOXY in the presence MgO in different times. The stability of the catalytic activity of the MgO was investigated after catalytic measurements; 70% of DOXY was degraded after 150 min in the presence of the nanoparticle. The findings are given in Fig. 5 . About 87% removal of DOXY was observed after 50 min, which is attributed to the adsorption of DOXY molecules on the BaO surface. The degradation percent is directly proportional to the probability of formation of hydroxyl radicals on the catalyst surface and the probability of reaction of these hydroxyl 1 3 radicals with the DOXY molecules. There are acidic sites on the surfaces of MgO and BaO. Mg +2 and Ba +2 sites act as acidic sites and absorbed basic sites of antibiotic (Table 1) .
The acetylation of benzyl alcohols containing electronwithdrawing and electrondonating substituents with acetic anhydride was investigated using a BaO catalyst. Different amounts of barium oxide nanocatalyst are used for evaluating of its effect in acetylation of benzyl alcohols. As shown in Fig. 9 and Table 2 , alcohols with electron donating groups is more reactive and converted to similar products in the shortest possible time. The mechanism for the stabilization of alcohols in the presence of BaO as promoter is shown in Scheme 1.
On the basis of this mechanism, the carbonyl group formed can produce a nucleophilic reaction by the substrate, and the product is produced with 92-98% yield. Studies show that with 0.08 g of barium oxide the best results are obtained. Compared with other reported metal oxides catalysts, BaO nanostructure has the good impact on this transformation with the highest yield in the shortest time ( Table 1) . Acetylation of benzylic alcohols was established from the FT-IR spectra (Fig. 9) . The stretching vibrations of carbonyl groups (C=O) of esterification products, appeared at 1650-1750 cm −1 . In summary, BaO nanoflower-like was prepared by using HMT template. HMT is the source of alkali to supply the hydroxyl ions to drive the precipitation reaction of BaO formation. The Ba 2+ ions are changed to Ba(OH) 2 at the high pH value. Subsequently, BaO nanoflower can be grown out as the Ba(OH) 2 transfers to the solid precipitate. Barium oxide is a good catalytic for acylation of benzyl alcohols and in degradation of DOXY. The results indicate that there is a relationship between the amount of sorbed substance on the catalyst surface and its activity ( Table 2) . The optimum catalyst value should be determined to prevent excess catalyst and to ensure the full absorption of efficient photons. In this method, the reaction rates and the efficiency are high and there is no side product. The photocatalytic activity is influenced by various parameters, such as the synthesis method, the availability of surface hydroxyl groups and the size of the particle. According to results, it can be said that nano-BaO has a more efficiency in removal of DOXY than MgO, and needs fewer time for better efficiency. Because, acidic sites Ba +2 absorbed basic sites of antibiotic more than Mg +2 . -C6H4-CH2OH  40  50  70  meta-NO2-C6H4-CH2-OAC  meta-NO2-C6H4-CH2OH  25  30  40 Para-CH3-C6H4-CH2-OAC Para-CH3-C6H4-CH2OH Scheme 1 Proposed mechanism for the acetylation of alcohols in the presence of a BaO nanocatalyst
